The possibility of producing drinking water from brackish groundwater using synthetic polyamide grafted acrylic acid/ titanium oxide (PA-g-AAc/TiO2) membrane was studied. The optimum conditions for preparation of the synthetic membrane were PA concentration (7 % w/v of solvent), LiCl concentration (40 % w/w of PA), AAc concentration (20 % w/w of PA), TiO2 concentration (3 % w/w of PA), evaporation time (24 hr.) and temperature (70 °C). Brackish groundwater sample was taken from El-Maghara area, Mid. Sinai, Egypt and analyzed by the standard methods. The obtained results showed that the total dissolved solids (TDS) and ionic composition of permeate water decrease as the operation time increases. The cations and anions rejection (R %) showed that the divalent cations and anions are more rejected than the monovalent ones, where the order of cations rejection was R Mg 2+ > R Ca 2+ > R Na + , while the anions rejection was in the order R SO4 2->R HCO3 -> R Cl -. After the desalination process, the hypothetical salts of such sample do not change; but the change was only in its concentration expressed as TDS. The sequence of salts rejection (Rs %) related to initial concentration of each salt arranged was Rs MgSO4> Rs MgCl2 > Rs CaSO4 > Rs Ca (HCO3)2 >Rs NaCl. This can be explained according to Donnan theory.
Introduction
It is well known that the water resources in Egypt are limited. Meanwhile, water demand is continually increasing due to population growth, agricultural, industrial and tourist development and the increase of living standards (Hafez, 2005) . Because of population growth and the per capita share of water has dropped dramatically to less than 1000 m
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Sinai represents 6 % of the total area of Egypt. El-Maghara area in Mid. Sinai is considered as an example of arid zone which suffers shortage of water resources except for high salinity groundwater. For this reason, many trials have been made to synthesize hybrid organic/inorganic membrane that can be used in desalination of brackish water. In this regard, membrane separation technology has been widely used for desalination of sea and brackish waters (Belfort, 1984 , Sourirajan and Matsuura, 1985 and Košuti´c et al., 2000 . The reverse osmosis (RO) process which uses polymeric membranes to achieve molecular separation excels all other methods of desalination and is considered the simplest and most efficient technique to desalt saline/seawater (Rao et al., 1997) .
In recent years, inorganic nanoparticles have been introduced as filler to prepare composite membrane to improve the properties of polymeric membranes including, permeation, thermal stabilities, and mechanical properties (Yang et al., 2007 and Cao et al., 2006) . Among many nanoparticles, TiO2 nanopowder is investigated because it is non-toxic, chemically inert and low cost (Li et al., 2009 ). Three methods have been reported to prepare polymer-inorganic composite membranes: (1) Disperse the nanoparticles in the casting solution directly and prepare the composite membranes via phase inversion (Jian et al., 2006) ; (2) Add the prepared sol containing nanoparticles in the casting solution and prepare the composite membranes via phase inversion; (3) Dip the prepared membrane in the aqueous suspension containing nanoparticles and prepare the composite membranes via selfassembling (Bae et al., 2006) .
Reverse osmosis performance parameters, salt rejection and permeate flux are known to be influenced by membrane characteristics, physicochemical properties of the system and operating variables such as solute concentration and operating pressure (Košuti´c et al., 2004) . Two essential membrane parameters in the RO process are solubility and diffusivity of solutes and solvents to the active-layer polymers, which determine the membrane rejection and the flux (Matsuura, 1994 and Kwak, 1999 ).
The present work is devoted to the possible application of the synthetic PA-gAAc/TiO2 membrane in desalination of brackish groundwater of El-Maghara area.
Materials and Methods Materials
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BRACKISH GROUNDWATER DESALINATION USING THE …… Aromatic polyamide, poly m-phenyleneisophthalamide (PMPIA) and solvents such as N, N-dimethyl acetamide (DMAc), N,N-dimethylformamide (DMF), Nmethylpyrrolidone (NMP) and hexamethyl phosphoramide (HMPTA) were supplied by Aldrich. Acrylic acid (AAc), purity 99.9% was received and purchased from Merck, Germany. Titanium dioxide nanoparticles (TiO2): a commercial form 80% anatase, 20% rutile, BET surface area 50m 2 /g, P25 was obtained from Deggusa. The other chemicals such as the chemical initiator (benzoyl peroxide, BPO), additive inorganic salt as LiCl, sodium dodecyl sulphate (SDS) as surfactant and nitric acid were reagent grade and used without further purification.
Brackish groundwater sample collection and analysis
Brackish groundwater sample was collected from El-Maghara area, Mid. N) was determined using GPS model Magellan, Nava 5000 pro. Such water sample was collected in a clean, washed polyethylene bottle and subjected to the analysis of physical and chemical properties of water sample. The physical properties were detected by measuring the specific electrical conductance (EC) by EC meter Model LF 538, WTW, USA and expressed in micromhos per centimeter (µS/cm) at 25 o C, and pH value was measured by 3320 pH meter (Jenway, UK). The Chemical properties were determined by measuring total dissolved salts (TDS), Ca Asymmetric aromatic polyamide membrane was prepared by the dry casting method (Altinkaya and Ozbas, 2004), in which the dissolution of PA using DMAc as solvent and LiCl as an inorganic salt additive until the complete dissolution of PA and formation the casting solution was carried. The concentration of PA to DMAc solvent was 7 % w/v. A certain amount of inorganic salt LiCl (40 % w/w of PA) was added to PA/DMAc to complete the solubility process, then the casting solution of PA/LiCl/DMAc was gently heated with magnetic stirring until the dissolving process be completed. To prepare PA-g-AAc co-polymer membrane, BPO was added to such casting solution in concentration of 5 % w/w of AAc, where the concentration of AAc was 20 % w/w of PA. The reaction temperature and time were 85 °C and 2 hr., respectively.
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TiO2 nanoparticles were modified with sodium dodecyl sulphate (SDS) as a surfactant to prevent the aggregation of nanoparticles in the membrane matrix, where 1g of TiO2 nanoparticles was added to 0.7 % SDS at adjustable pH 4 with nitric acid, and then stirring for 6 hr. The modified TiO2 was obtained by centrifuge and then dried at 60 °C for 24 hr. TiO2 concentration (3 % w/w of PA) was added to PA-g-AAc co-polymer solution to form the nanocomposite of PA-g-AAc/TiO2
Finally, the casting solution (PA-g-AAc/TiO2) was put within the glass plate and dried at evaporation time and temperature 24 hr. and 70 ˚C, respectively, to obtain the flat sheet of the membrane. After this process, the membrane was immersed in de-ionized water for about 12 hr. at 25 °C to the complete removal of excess solvent and LiCl salt and then dried completely at room temperature. The nanocomposite membrane (PA-g-AAc/TiO2) that used in desalination of brackish groundwater was prepared under these optimum conditions.
RO performance
Reverse osmosis properties, salt rejection (Rs %) and water flux (Jw) of the prepared membranes were measured by laboratory DDS reverse osmosis system, model LAB-M20, manufactured by Alfa Laval Comp., Denmark which consists of stainless steel cylindrical vessel, 20 cm diameter and 70 cm height, with control panel. The effective membrane areas range from 0.036 to 0.72 m 2 (0.018 m 2 per membrane). The salt rejection percent (Rs %) was calculated as:
Rs (%) = (Cf -Cp/Cf) x 100 Where Cf and Cp are the concentrations of feed and permeate water (product), respectively.
The water flux through a semi-permeable membrane was expressed in weight of the product per unit membrane area during operation time in seconds (Jw x 10 -5 g/ cm 2 .sec).
Results and Discussions Membrane performance
Reverse osmosis properties (salt rejection and water flux) for the synthetic PAg-AAc/TiO2 membranes were studied at different concentrations of NaCl (2000 to 40000 ppm) of feed solution with applied pressure 30 bar, flow rate 5 l/min for 8 hr. as operation time at 25 °C. The results are shown in Fig. (1) , it is obvious that both water flux and salt rejection decrease with increasing feed concentrations of NaCl solution, where the PA-g-AAc/TiO2 nanocomposite membrane possess the highest water flux (Jw= 34 g/cm 2 .sec×10 -5 ) with acceptable salt rejection (Rs= 42 %) at NaCl
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BRACKISH GROUNDWATER DESALINATION USING THE …… of 2000 ppm for one run operation process. Therefore, this membrane can be used effectively in desalination process of the selected brackish groundwater sample of the area under investigation.
The decrease of water flux (water permeate, Jw) with increasing the feed concentration can be explained on the basis that the water flux through the membrane is proportional to the effective pressure (Peff), which is defined as (Jw α Peff) and (Peff α P-∆π) where; Peff and P are the effective and applied pressures and ∆π is the osmotic pressure. The presence of sodium chloride in the feed solution leads to the reduction in permeates flux. The transmembrane salt concentration gives rise to transmembrane osmotic pressure (∆π) leading to a lowery of the driving pressure. By taking into account the net pressure in the flux calculation, it can be shown that ∆π is mainly responsible for the flux decline (Jiraratanon et al., 2000) . However, the presence of TiO2 on such membrane, where the TiO2 nanoparticles act as a lacy structure with higher porosity formed on the top surface of membrane; this leads to enhancement of the flux through the skin layer that became a little denser. At the same time, the improved hydrophilicity of the membrane due to presence of hydroxyl groups on TiO2 surface can attract water molecules inside the membrane matrix and promote them to pass through the membrane and consequently enhance the membrane permeability 
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On the other hand, the decrease of the salt rejection with increasing feed concentration is due to the effect of Donnan exclusion which reduces with increasing feed electrolyte concentration. In case of a higher ionic strength, the membrane charge will be shielded, to a large extent, resulting in a lower effective charge and consequently a lower rejection is obtained. This type of NaCl salt retention was observed by several authors as well and attributed this effect to the negative charge of the PA-g-AAc/TiO2 nanocomposite membrane used 
Brackish groundwater desalination
The brackish groundwater sample of Bir El-Maghara 5, wadi El-Khariq is tapping the limestone aquifer, where both water salinity and pH are 3333 ppm and 7.8, respectively. Such water was pumped into a closed vessel through the Lab RO unit at a flow rate of 5 l/min and the applied pressure of 30 bar against the selected membrane. This pressure is needed to enable the fresh water to pass through the membrane leaving an amount of rejected salts; some amounts of salts pass through the membrane and remained in the water product. The obtained results showed that the values of electrical conductivity (EC, µmhos/cm) and total dissolved solids (TDS, ppm) of such groundwater sample decrease gradually as the operation time increases. The EC and TDS of post treated water became (2800 µmhos, 1620 ppm), (2200 µmhos, 1301 ppm) and (1680 µmhos, 933 ppm) at the operating times 8, 16 and 24 hr., respectively, table (1) . Also, the ionic composition of permeate water decreases as operation time increases, Fig. (2) . Figures (3 and 4) show the rejection (%) of the hypothetical salts present in brackish groundwater sample the equilibrium conditions as a function of the operation time. Noteworthy to mention that the different salts permeated are in equilibrium condition after each desalination process. From such figures, it is obvious that the sequence of salts rejection related to initial concentration of each salt can be arranged as follows:
Rs MgSO4 > Rs MgCl2 > Rs CaSO4 > Rs Ca (HCO3)2 >Rs NaCl The membrane shows high rejection for magnesium salts, moderate rejection for calcium salts and low rejection for NaCl salt. This rejection behaviour can be illustrated on the idea that the membrane appeared to be positively charged in presence of MgSO4, MgCl2, CaSO4 and Ca (HCO3)2 salts and negatively charged in the presence of NaCl (Schaep et al., 2001 ). These results suggest that each ion could have its individual contribution to the membrane charge by means of adsorption; this phenomenon is attributed to ionic adsorption at the membrane/solution interface. In case of MgSO4, MgCl2, CaSO4 and Ca (HCO3)2 salts, there is a strong adsorption of Mg 2+ and Ca 2+ ions leading to reverse in the sign of the membrane charge so that the membrane becomes positively charged. This could explain the fact that these salts are better rejected than NaCl where Mg 2+ and Ca 2+ are the co-ions (ions with the same sign of charge as the membrane charge) and have a higher valency than chloride, which is the co-ion in case of NaCl. On the basis of Donnan exclusion theory, a high co-ion valence causes a higher salt rejection. Also, a strong affinity of chloride ions for the membrane material (as compared to sulfate and bicarbonate ions) has been found; this affinity causes a lower positive charge for MgCl2 than that of MgSO4.
Computation of the rejected ions as percent of TDS reveals that the salts of post treatment after 24 hr. does not change after the desalination process, but the changes are related to its rejection percent referred to as TDS of the pre-and posttreatments. Thus, the desalination process of pre-treatment does not change the salts 21 0 BRACKISH GROUNDWATER DESALINATION USING THE …… composition in both pre-and post-treated water which have the same types of salts NaCl, MgCl2, MgSO4, CaSO4 and Ca (HCO3)2 but in low concentrations. It is evident that the appearance of MgCl2 salt in the groundwater is mainly due to the formation of aquifer matrix under marine conditions, table (1). 
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Behavior of ions during desalination process.
The sequence of cations rejection (%) was Rs Mg 2+ > Rs Ca 2+ > Rs Na + , while the sequence of anions rejection was Rs SO4 2- >Rs HCO3 -> Rs Cl -, where the retention of the bivalent anions is lower than that of cations, also, the retention (%) of bivalent ions was higher than that of monovalent ones Fig. (5) . This is due to one of the main four factors. The first is the ionic and hydrated ionic radii of divalent ions in solution which are larger than those of monovalent ions, table (2) . The second is based on the different cationic valence rejection sequence which can be explained by the Donnan exclusion theory, which suggests that a higher valence co-ion causes a higher ion rejection, whereas a higher valence counter ion (neutral species) leads to a lower rejection of the salt. For the same valence ions, the rejection sequence could be affected by the difference in ion diffusivities, i.e., an ion is retained more if it has a smaller diffusivity, table (2) is inversely reflected in the rejection sequence (Schaep et al., 2001) . The third is based on the interaction between the membrane surface and ions in solution, it is known that TiO2 is an amphoteric oxide with an isoelectric point (IEP TiO2 = 6). Therefore, when the solution pH is higher than IEP of TiO2, its surface will be negatively charged (Fu et al., 2005) . So the cations can be adsorbed on PA-g-AAc/TiO2
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BRACKISH GROUNDWATER DESALINATION USING THE …… surface. Also, these negative charges are repelled with the anion species in the electrolyte solution according to the Donnan exclusion mechanism (Teixeira et al.,  2005) . These factors can also explain the high rejection of Mg 2+ and Ca 2+ counterions more than Na + . The fourth is based on the hydration energy, where the difference of retention can be attributed to the difference of hydration energy between the divalent and monovalent ions, i.e., the more hydrated divalent ions, the more difficult their transfer across the membrane, table (2), (Antropov, 1975 From the data obtained, it is obvious that the salt rejection increases with increase of the operation time while water flux decreases, table (3). This is due to the fact that, as operation time increases the accumulation of salts in the pores of membrane is produced, reducing the water flux and increasing the salt rejection. It is evident that the salt rejection (%) is the absolute value of the difference between preand post-treated water. Electrolyte permeation mechanism through the synthetic membrane during desalination process:
To work out the mechanism of desalination process through the reverse osmosis membranes, an assumption based on the premise of active dissociation of hydrated ions into water molecules using high pressure and ions adsorption may roughly include four stages (Tsuru et al., 1991 and El-Sayed et al., 2001 ); these are: 1-The specific energy required for the pumping transport in a practical RO desalination, water transport across the membrane and dissociation of hydrated ions into water molecules and ions (present in groundwater solution), then water molecules pass through narrow passages (semi-permeable membranes) during the process. 2-Differences in diffusivity, where more diffusion of ions from the solution phase towards these passages and exchange surfaces. 3-Contact of ions with the exchange surfaces. 4-This sieving (depending on ionic radii of ions), and adsorption of ions on the exposed charge of the RO membranes through electrostatic interactions between the membrane and the ions or between the ions mutually.
Evaluation of the selected sample for drinking water
The desalination process of such sample shows that the obtained permeate water (TDS, 933 ppm) and ions concentration did not exceed the permissible international standards for drinking water quality, table (4); so, it is acceptable for drinking as potable water. Note to mention that these results of produced water were obtained for one run operation process through 24 hr. 
Conclusion
The aromatic polyamide grafted acrylic acid/ titanium dioxide (PA-g-AAc/TiO2) membrane was prepared under optimum conditions, where PA concentration ( The hypothetical salts present in such sample were NaCl, MgCl2, MgSO4, CaSO4
and Ca (HCO3)2. The sequence of these salts rejection related to initial concentration was Rs MgSO4> Rs MgCl2 > Rs CaSO4 > Rs Ca (HCO3)2 >Rs NaCl, where the membrane has shown high rejection for divalent cations (magnesium and calcium) salts and moderate rejection for monovalent cation (NaCl) salt.
The sequence of cations rejection during the desalination process was Rs Mg . g/cm 2 . sec. Therefore, the obtained permeate is accepted by international standards because the salinity is not contradictory for human consumption of drinking water.
